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ABSTRACT » \ 

- . Crustal Evolution Education Project (CEEP) modules 

were designed to: (1) provide students with the methods and results 
of continuing invest igatiorrs into the composition, history, and 
processes of the earth, 1 s crust and the application of »this knowledge 
to man's activities and (2) to be used by, teachers with little or.no 
previous background in the modern theories of sea-floor spreading, 
continent^ drift, and plate tectorvics. Each module consists of two 
booklets: a teacher's guide and student investigation. The teacher's 
guide contains all 'of the information present in the student 
investigation booklet as well as: (1) a general introduction; (2) 
prerequisite student background; (3) objectives; (4) list .of required 
materials; (5) background information; (6) suggested approach; (7) 
procedure, recommending two 45-minute class periods-; (8) summary 
questions (with answers); (9) extension activities; and '(10) list of 
references. The activity in this module (requiring koowledge of 
Pythagorean theorem) is designed to answer 1 such questions^ as : (1) Are 
crustal plates moving?<>(2) How* fast and in what direction do they 
move? (3) Are motions constant? (4) Do plates stretch? (5) Does an 
•entire plate move as a unit? <6) How is the earth 1 s rotation linked 
to plate motions? (Author/JN) ' <-/ 
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Welcome to the exciting world of current research 
into the composition, history and processes of the 
earth s crust and the application of this knowledge 
to man s activities The earth sciences are 
currently experiencing a dramatic revolGtion in 
our understanding of the way in which the earth 
works CEEP modules are designed to bring into 
the classroom the methods and results of these 
continuing investigations The Crustai Evolution 
Education Project began work in 1974 under 
the auspices of the Natidnal Association of 
Geology Teachers CEEP materials have been 
developed by teams of science educators, 
classroom teachers, and scientists Prior to 
publication the materials were field tested by 
more than 200 teachers and over 12,000 students 
Current crustai evolution research is a breaking 
story that students are living through today 



Teachers and students alike have a unique 
opportunity through CEEP modules to share in the 
unfolding of these educationally important and 
exciting advances CEEP modules are designed 
to provide students with appealing firsthand 
investigative experiences with concepts which are 
at or close to the frontiers of scientific inquiry into 
plate tectonics Furthermore, thefcEEP modules 
are designed to be used by teachers with little or 
no previous background in the modern theories 
of sea-floor spreading, continental drift and plate 
tectonics 

We know that you will enjoy usingCEEP 
modules in your classroom Read^on and be 
prepared to experience a renewed enthusiasm for 
teaching as you learn more about the living earth 
in this and other CEEP modules 



About CEEP Modules... 

Most CEEP modules consist of two booklets a 
Teachers Guide and a Student Investigation The 
Teacher's Guide contains all the infcfrmation 
and illustrations in the Student Investigation,' 
plus sections printed in color, intended only for the 
teacher as. well as answers to the questions that 
are included in ihe Student Investigation 
In some modules there are illustrations that 
appear onl^ in the Teacher s Guide, and these are 
designatec^by figure letters instead of the number 
sequence used in the Student Investigation 

For some modules maps, rulers and other 
common -classroom materials are needed, and in 



varying quantities according to the meth6d of 
presentation Read over the module before 
scheduling its use in class and refer to ttye list of, 
MATERIALS in the module 

Each module is individual and self : contamed in 
content, but some are divfded into two or more 
parts for convenience The recommended length 
of timeforeach module vindicated Some modules 
require prerequisite knowledge of some aspects 
of basic earth scfence, this is noted in the 
Teacher's Guide • ' 



Tr.o rn%> e r<b^ ^ as Prepared with the 
S'^doo"-; o f National Science* founbatton 
Gra-' Nos 3ED 75 20151 SEO 77-08539 
aM StD.73 25104 However any opinions 
Endings conclusions of recommendations 
^/p^ss^d *f*r^n are tnose of the authorfs> 
a^d 10 no? necessarily reflect the views 
of NSF 

*► 

in order to comply with u#S Public Law 
94 86 ^very scnooi district in the USA 
ussnq thes^ ^tenais agrees to make , 
th<*rr, variable for inspection by parents or 
guardians o f children engaged in 
ed ».'ahonai programs or projects of the 

SChool d- St net 



V 



Measuring Continental Drift: 
The Laser Ranging. Experiment 

INTRODUCTION 

This activity deals with a very complex 

• experiment. Imagine trying to measure a change 
^in distance of 1 cm between two points several 

thousand kilometers apart. Consider for a moment 
some of the reasons for doing this experiment. 
Continental drift has never been directly 
measured. All such motions have beerl inferred 
from scientific evidence. So, a direct measurement 
would be a clinching point to settle the argument 
between *btifters" efnd "nondrifters". 

The experiment is designed to answer *uqh 
questions as: 1) Are the crustal plates moving?, 
2) How fast are the plates moving?, 3) In what 
direction is motion taking place?, 4) Are the 
motions of the plates constant?, 5) Do the plates 
stretch?, 6) Does an entire plate move as a unit? 
and 7) How is the earth's rotation linked to 
plate motions? 

Clegrly, the aYiswers to'these questions will 
make major contributions to the new theories of^* 
global tectonics. 

PREREQUISITE STUDENT BACKGROUND 

Students should know how to yse the Pythagorean 
Theorem. They shoyld know how to measure 
with a meter stick and plot points on a graph. 

OBJECTIVES 

After you have compJeted this activity, you 
should be abl£ to . 

1. Calculate how far on the earth you cao see 
from a mountaintop * 

2. Explain what is meant' by the phrase 
"hne-of-sight." 

3. Explain how the curvature of the eartti affects 
how fair we can see^alohg Jhe earth's slirface. 

MATERIALS 

Masking tape , * 

* Meter stick— one for each group of students 
' String 

Figure 2 in PABt B can be constructed out of 
cardboard or heavy construction paper, but it is 
suggested that it b«, marked orrthejloor wfth 
marking tape. Use the dimensions showmip 
Figure 2. Take seven pieces of string and stretch 
them from point Y on tfie moon to points A, 
B, C, d/e, F. and G on the circle. The strings will 
help the students to measure in a straight line. 
The strings should be between iand 3 v m long. 



Scientists are interested in knowing how far 
they can see on the earth's curved surface The 
reason scientists want to see a long way is 
because they want to measure the distance 
between fixed points on two or more continents 
If they can measure this distance accurately, they 
will be able to answer questions like .these* 
1. Are the crustal plates. moving 9 How fast are 
they moving 9 In what direction are they moving? 
£. Are the motions of the plates constant 9 

3. Do the plates stretch 9 

4. Does a whole plate move as one piece 9 

Scientists have not answered these questions 
yet, but they are "trying. It is not easy to measure 
slow movements accurately— just centimeters 
per year— between continents 



4. Discuss what happens to the distance between 
a point on the earth and a point on the moon, 

in terms of the earth's rotation 

5. Graph data on a grid and draw a curve to 
fit the data. r 

6. Explain 'how scientists might accurately 
measure the distance between two points 

4 located on different crustal plates 
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BACKGROUND INFORMATION 

Scientists are devising instruments that can be 
placed almost ahywhere on earth and then 
establish the precise location of that spot on the 
" earth. The instrument shoots a laser beam at 
the moon. The beam Is reflected from a reflector 
placed on the moon by the astronauts. 

Since ihe astronomers know precisely where 
the moon is located at all times, they can use the 
computer to solve from 30 to 40 simultaneous 
equations necessary to locate the laser instrument 
on the earth. These.equations include the variables 
that astronomers use to determirjp the precise 
position of the instrument. Some of these 
instruments are mobile and can be* placed at 
. many different locations on the earth. 

SUGGESTED APPROACH 

Students can work individually or in small groups. 
The mathematics in PART A should b$. 
checked periodically. 
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Astronomers will make manv^gbservations from 
these same points during thenext ten or more 
years. Changes of distance between any two points 
will be measured, and the rate and direction of 
movements can be established. 

This complex problem involves a rbtating 
earth and a moving moon. However, the moon's 
position is known mathematically and is con- 
sidered as being fixed at the moment the moon 
is on the earth's meridian passing through the 
observing site. Similarly, in' the activity the moon 
is thought of as being fixed and tfte earth's turning 
js the only variable being observed. 
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PROCEDURE 

PART A How far on the eartl^can we see from 
a mountamtop 9 

Students use thePythagorean Theorem to find 
distances. 

Key words* right triangle, line-of-sight 
Time required: cine 45-minute period 
Materials, 'none J * 

The Greek mathematician Pythagoras (6th 
Century B.C ), worked out a formula for finding 
the length of the sides of all right triangles. (A , 
right triangle is one that has one angle of 90°.) 
Every right triangle has two sides shorter than the 
thirfi. Pythagoras said to take each short side, 
multiply it by itself, and add these two' products 
together. The answer will equal the longest ^ ' 

Bide multiplied by itself. 
J 

Let s apply Pythagoras' idea to our problem with 
the mountain. Look at Figure 1. Find right triangle 
AUT. Its sides are AT, AU and UT. , 
1. When you stand on the surface of the earth, 
you are 6400 km from the center o( the earth, 'How 
far are you from the center of the earth if you 
stand on a mountamtop that is 2 km above tha 
surface? 6402 krrr. This is side AT of the 
triangle AUT. ' 

2., The other sides of the triangle are AU and UT. 
AU js 6400 km long. 

You now want to find out how long UT is* Here 
is how you do it: 

3. First multiply the length of side AT by itself. 
Your answer is 40,985,604 sq km. 

4. Second, multiply the length of side AU by itself. 
Your answer is 40,960,000 sq km. 
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Figure 1, 
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5. Now subtract these two numbers. Your answer 
is 25,604 sq km 

6*. Side UT has a length equal to the square root of 
your answer to question 5. Side UT equals 

160 km. (Round off this number to the, nearest 
ones place ) This is the answer to the first question 
in PART A 

7. XT is twice the length of side UT. Therefore, 
the length of XT is 320 km. This number is the ' 
distance B&tw^en two mountains that are 2 km 
high, if you could stand on top of one and just 
barely see the other over the curvature of the 
earth The line XT, along which you can see, is 

PROCEDURE 

PART B. How can you tell when the moon and 

a point on the earth are closest together? 

Students make measurements using meter sticks 

and plot the data on a graph. 

Key words: none i n 

Time required: one 45-minute period 

Materials, meter sticks 

Start by measuring something. you can touch 
and see In or near your classroom, your teacher 
has'made a'modpl that looks like Figure 2 



called your line-pf-sight. Finding a high place from 
which to observe makes your line-of-sight longer. 
N<o mountains on earth are high enough to enable 
you to see a place which is several thousand 
kilometers away Therefore, youxannot measure 
distances Across continental platfes, or plate $ 
movements, from a mbuntaintpp. You must find 
some new way to make measurements over very * 
long distances. This new way uses points on 
the earth and some other place . 
8. List some places from which you might 0 
take measurements. 

The moon, satellites, and other planets. 

t 

Y represents the moon and the letters A, B, C, 
D, E, F and G are positions on the rotating earth 
Notice the arrows on the arc The arrows indicate 
the direction that the earth is turning* 
1. Using the meter stick, measure the distance 
along each string from your point on the arc 
to point Y Record your results below. 



Distance 
(meters) 


A-Y 


B-Y 


C-Y 


D-Y 


E-Y 


F-Y 


G-Y 


















Moon 



■ / 

Earth's surface 



Figure 2. Earth-n>oorv model. 



9 ' 



( 



6 1 



V 



x 

2. Plot the data you collected in question 1 on the 
'graph below. 
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A-Y B-Y C-Y D-Y £-Y F-Y G-Y 

3. When you moved from A to E>, did you move 

toward or away from Y (the moon) 9 Toward . 

Going from D to G did you move toward or away . 

from the moon 9 Away 

4* Look at your graph. Estimate the distance 

to Y if you are located between B and C 

m « 

The answer obtained by the students will depend 
on the size of the construction of Figurfc-2. 
5. Now try to draw a reasonable line through the 
points on your gnaph Ybu can see that the line is 
curved What besiexplains why the line is curved 9 
You were moviog^n a curve In going frofr^ * 
A to G aijd ppint Y is fixed: 

Think about the earth and the moon. The earth 
rotates, so a fixed point on the earth moves 
beneath the moon. [The moon does move s^wly, 
but a^ this mordent consider it fixed just as Y (th6 
moon) was fixed ] One rr^oment you are at A^ 
relative to the moon, the next moment at D-and 
third moment at G. How can y>u tell when the ■ 
moon and-£ point on the earth are-closest 1 
together? 

In Table 1 you have been given data to plot 
on a graph. Look over this table. This datar is an 
example of the distances to the moon which would " 
be measured by a laser ranging station located 
on the equator in South America. Noticfe that* the- 
earth-moon relationship in Figure 3 is similar to 
/what you measured earlier. • . 



* / 1 P/JC 


ni^TANC? (km) 


ft a m 
U> a. Ml. 


384 000 


/ a. 111. 


» 38? 344 


a 0 a. 111. 


*~ 380 800 


57 a. HI. 


37Q 475 


m \ m 

IU a. Ml. 


378 458 


Ul a. Ml, 


377 818 


1^~ a m 
\c. a. Ml. 


377 600 r 


1 r\ m 
I p. Ml. 


377 818 


0 n m " 

c p.m. 


v378 458 * 


Q n m 
O p. Ml. 


379 475 


4 p.m. 


380,800 


k p.m 


382,344 


6 p.m. 


* - 384,000 



Table 1 Distance from a point on the earth's 
surface to the moon measured by laser ranging 
equipment at a ^outh Apnerican laser ranging 



station 




-1 




Figure 3, The sketch shpws how the point 
rotates beneath the mobn. 



384,000 



382,000 



c 

o 
o 
£ 

£ 380,000 
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c 
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378,000 




376,000 



6. Plot the data from fable 1 on the graph above 
Note that a particular point on Hie earth's surface, 
the center of the earth, and the moon he on a 
straight hne only aUme particular time during the 
day At that time, this point is closer to the moon 
than it is at any other time 

7. * On a Pacific island, on the equator, another 
class of students is doing the same activity. The 
moon passes their meridian exactly four hours 
later Plot the curve of their observations on your 
graph in question 6 (Plot the same cOrve, but 
everything should be moved to the right 4 hours.) 
Look at Figure 3 Notice the points when the moon 
is on the meridian. In South America the *frne was 
12 noon, on a Pacific island the time was 4 hours 
later. How far is the South American station 
from the Pacific island? To answer this question 
we need to know how far a point on the equator 
rotates in one hour Astronomers tell us this is 
about 1700 kfn. So the distance from the South 
American'sta!tJon to the Pacific island station 

is 1700 * 4 = 6800 km. 



8. Suppose that astronomers continue to make 
this same measurement for ten years. Suppos^ 
that by ten years later, the time difference between 
when the mocpn is on the meridian at-the two 
locations has become .001 second longer than 
four hours The equipment is operating perfectly, 
what could accountfor ttTat difference 9 

The two points havp drifted apai£ 

9. How far does a point on the earth's surface 
move in 001 second 9 

Distance = rate * time 

Rate = 1700 km/hr or.about 500 m/sec 

Distance = 500 m/sec * 001 sec - 

.5 m or 50 cm in 10 years, 

5 cm in one year , 



This is about as fast as your toenails grow. 
Do continents drift apart at ttyat rate? 
Geologistarsuspect so but they don't know for sure. 
That's why they are trying the laser ranging 
experiment 



SUMMARY QUESTIONS i ■ 

1. ?Explain why geologists cannot measure the 
, distan3f between continents by line-of-sight 

measujBfrents. * 

Becaujphe earth's surface curves and a point a 
great distance away Is hidden behind tbe curve. 
We cannot see through the eartli 

2. When a point on the earth is closest to the 
moon, the moon is on the meridian. 



3. If we know the time when the moon is on the 
meridian at two locations on the same parallel, 
what can we find 9 

We can find the distance between the station^. 

4. The moon is on the meridian at an observatory 
in the Hawaiian Islands at 12:00 noon. It is on the 
meridian at an observatory in Hong Kong at 6 00 
p.m Ten years later the time difference is .001 
second shorter. What do you think is happening? 4 
The two locations are moving toward each other. m 
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INTRODUCTION 

Scientists are interested in knowing how far 
they can see onlhe earth's curved surface. The 
reason scientists want to see a long way is / 
because they want to measure the distance 
between fixed points on two or more continents 
If they can measure this distance accurately, they 
will be able to answer questionslike these. 

1. Are the crustal plates moving? How fast a,re 
they moving? In what direction are they moving? 

2. Are the motions of the plates constant? # 

3. Do the plates stretch 9 

4. Does a whole plate move as one piece 9 

• Scientists have not answered these Questions 
yet, but they arq trying. It is not easy to measure 
slow movements accuratelyH ustVcent ' meters 
per year— between continents 

OBJECTIVES 

After you have^completed this activfty, you 
should be able to. 

1. Calculate how far on the earth you can see 
from a mountciintop.I % } 

2. Explain what is meant by the^phrase 
"hne-of-sight." 

3. Explain how the curvature of the earth affects 
how far we can se'e along the earth's surface. 



) 



4. Discuss what happens to the distance between 
a point on tire earth and a point on the moon, 

in terms of the earth's rotation. 

5. Graph data pn a grid and draw a curve to 
fit the data. 

,6. Explain how scientists- might accurately 
measure the distance between two points 
located on different crustal plates. 
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PROCEDURE m—m—a—mx* 

PART A: How far on the^earth can we see from 
-a mountaintop? _ 
Materials; none 

The Greek mathematician Pythagoras (6th 
.Ceptury EJ.C), worked out a formula for finding 
thejength of the sides ot all right triangles. (A 
right triangle. is one that has one angle of 90°.) 
Every right triangle has two sides shorter than the 
third. Pythagoras said to take each # short side, 
multiply it by itself, and add these two products 
together. The answer will equal the longest 
^Side multiplied by itself. 

Let's apply Pythagoras' idea to our problem with 
the mountain. Look at Figure 1. Find right triangle 
AUT. Its sides are AT, AU and UT> 

1. When ydu stand on the surface cff the earth, 
you are 6400 km from the center^bf the earth. How 
Jar are you froftn the center of the earth if you 
stand on a mountaintop that is 2 km above the 

surface? km. This is side AT of the 

triangle AUT. < 

2. Th£ other sides of the triangle are AU and UT. 
AU is km long. 

You now \frant to find out how long UT is. Here 
is how you do ft: / j 

3c First multiply frie length of side AT by Uself. 
Your answer is sq km. 

4. Second, multiply fhp^length of side AU^by itself. 
Your answer is <sq km. 

5. Now subtract these Jwo numbers. Your answer 
'is -sq km. ' _ . 

8». Side UT hks a'length equal to the square foot of 
your answer to question 5. Side UT equals 
Ha km (Round off this number to the nearest 
ones plase.) This is the answer to the first question 
in PART A . 

7. XT is twice the length of side UT. Therefore, 

the length of XT is km. This humber is the 

distance between two mountains that are 2 km 
high, if you could stand on top- of one and'just 
barely see the other over the curvature of the 
earth. The lir\e XT,%long which you can see, is 
called your Hficqof-sight. Finding a-high place from 
which "to o hlQ^qjakes' vou r line-of-sight longer. 
No mountain^weartn are hjgh enough to enable 
you to see a place which is several thousand 
kilometers away. Therefore, you cannot measure 
distances across continental plates, or plate 
movements, from a mountaintop. You must find * 
some, new way to make measurements over very 
long distances. This new way us6s points on* * f 
the earth and some other place. 



% 




Figure 1. 



8. List some places from which you 
take nrieasuremenfs. 



might 
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PROCEDURE i 

PART'S:' How can you tell when the mogn aind * 
a point on the earth are closest together? 
Materials: mfeter -sticks • . ^ 

Start by measuring something you ian touch 
and see. In or near your classroom, your teacher 
has made a model that looks like Figure 2. » ^ 
Y represents the moon and the betters A, B, C, 9 
t D,fe, F and G are positions on^the rotating earth. 
' Notice. the arrows on % the arc. The arrows indicate 
•the direction that the earth is turning. 



1.* Using the qieter stick, measure the distance ^ 
* ajongfech string .from your point on the arc 
to point Y. Record your results below.' # 



• Distance 
(meters) 




B-Y 


C-Y 


D-Y 


E-Y 




G-Y 


















Figure 2. Earjh-moon model. 4 * 



2. Plot the data you collected in question 1 on the 
graph below. a 
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A-Y B-Y C-Y D-Y E-Y F-Y G-Y 



. 3r When you moved from A to D, did you move 

toward or away from Y (the moon)? 

Going from D to G did you move toward or away 

from the moon3k > 

4. Look^at your graph. Estimate the distance ? 
to Y if you are located between B and C. 
m 

.5. Now try fo dr^w a reasonable line througfYthe 
•points on your graph. You can see that the line is 
curved. What best explains why the line is curved? 



hink about the earth and the moon. The earth 
rotates, so a fixed point on A the*earth moves % 
beneath the moon. [The moon does move slowly, 
but a^ this momept consider it fixed just as Y (the 
mo5n) was fixed.] One moment you are at A 
relative to the moon, the next moment at D and 
third moment at G. How can you tell whe^the 
moon and a point on the earth are closest 
together? 

In Table 1 you have been given data to plot 
on a graph. Look over this table. This data is an 
example of.the distances to the moon which would 
be measured by a laser ranging station located 
on the equator in South America. Notic^that the 
earth-moon rel-^tionship in Figure 3 is similar to 
what you*measure"d earlier. s 
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5 p.m. 


382,344 


6 p.m. 


384,000 



T^bie 1 Distance from a point pn the earth's 
surface to the moon measured by laser ranging 
equipment at a SQuth American laser ranging 
station 





Figure 3. The sketch shows how the point 
{ rotates beneath the moon. 
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6. Plot the data from Table 1 on the graph above. 
Note that a particular point on the earth's surface, 
the center of the earth, and the'moon he on a 
straight line only at one particular time during the 
day At that time, this point is closer to^the moon 
than it is at any other time. 

7. 'Or* a Pacific island, on the equator, another 
cl^ss of students is doing the same activity. The 
moon passes their meridian exactly four hours 
later Plot the curve of their observations on your 

•graph in question 6. (Plot the same^urve, but 
everything should be moved to the right 4 hours.) 
Look at Figure 3. Notice the points wjien the rtioOn 
is on the meridian. In South America the time was 
12 noon, on a Pacific island the time was 4 hours 
later How far is the South American station 
from the Pacific island? To answer this- question 
we need to know how far a pomt on the equator 
rotates in one hourJ^Stronomers tell us this is 
about f 1700 km. So the distance from tteSouth y 
American station to the Pacific island sjkion ^ 
is 1700 * 4 = fgQO km. 

8. Suppose that astronomers continue to make 
this same measurement for ten years. Suppose 
that by ten years later the time difference between 
when the moon is on the meridian at the two^ 
locations has become .001 second longer than «, 
four hours. The equipment is operating perfectly; 
what could account for that difference? 



9. How far 66es a point on the earth's surface 

move in 001 second 9 

Distance = rate * time < 

Rate = 1700 km/hr or ab<?ut 500 m/sec 

Distance = 500 m/sec^ 001 sec = 

m or cm in 10 years, 

cm in one year, 



This is about as fast as your toenails grow 
Do continents drift apart at that rate 9 
Geologists suspect so but they don't know for sure 
That's why they are trying the laser ranging 
experiment 
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SUMMARY QUESTIONS 

1. Explain why geologists cannot measure the 
'distance between continents by line-of-sight 



measurements.' 



4. The moon is on the meridian at an observatory 
in the Hawaiian Islands at 12.00 noon It is on the 
meridian at an observatory in Hong' Kong at 6:00 
p.m. Ten years- later the time difference is >001 
second shorter. What do you think is happening? 



2- .When a point on the, earth is closest to the 

moon, the moon is on the . * 

3. If w^ know the time wheA the moon is^oTrtfie 
meridian at two, locations on the same parallel, 
Whatman we find? 
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